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The Hawaii Marin.e Science Studies (HMSS) Project has 
twenty ' instructional units^ which include student 
field investigations^ teacher guides and suppleme«<ary 
reference materials. HWSS units can.be taught as a one or two ^ 
sem<5Ster course^ in high schooi marine -science^ or' selected portions 
can be combined as marine science modules for use in other secondary 
courses. Design of HM6S mat eriais , is based 'on the pre4nise that study 
of the oceans provides opportunity for students.'of all abilities to , 
act: ively engage in mult idiscipiinary scientific inguiry while ' • 
learning basic coticepts of science. (rfMSS- units are organized around 
the three themes^ Two of the tbeines/the Fluid Earth and the Livli^g 
Qceanjr together represent the traditional areas of oceanography* The 
third. theme. Technology and the 'Ocean^ provides a natural science ^ 
background .for the study of spcio-techn ical issues. Instructional 
,units included under each them^ are listed in this booklet alpng with 
samp'le instructional materials. (Author/BB) / ■ 
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l; OVERVIEW . ' ' /\ 

I — . 

. The Hawaii Marine Science Studies -(HMSS) Project has developed 
over twenty Instructional units, which include student laboratory 
and field Investigations, teacher guides and supplementary referenpe 
materials. HMSS>nits rfln be taught as a one or two semester course ^ 
• In high school marine spieKce, or selected portions pan be comb.ined 
as marine science modules ft)r use in other secondary courses. 

Deslgii of i^MSS raateriari-Jibase on the prerpise that study of 
the oceans provides opportunity -for students of all abilities to 
actively engage In mujtidisciplinary scientific inquiry while learning • 
basic concepts of science; 

HMSS units arVorganizec arouncj the three therms oescribed below. 
Two of the theftes, the Fluid Earth and the ^Living Ocear. together 
represent the traditional arees of oceanography. -The ineme • Technology 
and the Ocean provides a natural science background fc the s.tu^Jy of ^ 
soclo-technicaT issues, Instructional units included -mder each ttieme 
are listed on the next page. 

1. - FLUID EARTH units examine properties* of water, shoreline dynamics, 

* the natureof the world of water and its. interactions with the 

.' ^atnosphere and the ITthosphere. Flufld Earth units and/or topies 
can be comb^ned to fonr modiiiles for earth science, physical 
science 1 chemistry, genera^ science', environmental or other 
courses. v 

2 LIVING OCEAN units involve an ecological view of- biology, examiajng 

* • interactions among plants, animals and the physical and chemicaV 

environment. Units and/or topics can be selected for li.fe 
science, environmental studies, general ^^sclence or other subjects*. 

:^3. TECHtlOLOGY ANO THE OCEAfT units "involve the stydy of .tiuman use of the 
' ' oceans^nvestigatingjiow people employ and. transform the marine 
pnvlronment to their own ends. Concepts learned in the first 
two-theme? are applied to technical problems. ' Selected portions 
may also oe used in social studies, industrial arts, agriculture 
'and/or vocational programs. . . ^ ^ 
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Living Ocean onlts 

1, Aquaria 

2. Field Trip 1 

■ 3. Classificatii^ 

4. Algae ' ' 

5. Cnidania 
*6. fiollusca 

I, Echinodefniata 

8. Sponges and Taricates 

I Hdrine Worms 

10. Crustacea ' ' 

II. FieldTHpI 

12. Fishes, Reptile and Hanwals 
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2; DESIGW .tXSIDERATIONS 



Pedaoofflon CttBSl^eratlons 

M.r-iM <:ripnce classes ir v-csndary schools draw studwts with 
«ry SvI^e^IS^ic bIcSriun.>' ranging fron, those who Kave had , , 

s^Mce to tho^e wh. nave had as much as three ugh 
'*KKI^l-«^ -n^i.r science masses. Marine science orograms also 
^I^si^^U ^i?rw 5e abi u range, inciting those wUh minimal 
S:3ii1S*^^iLlics Im?i" -. who may be less i^l^^-^^J 
^iSrested school and th. - -^o are. excellent scn0i<»rs wUh 
collcQe entraT;r:e expectations 

Tft c.t^r ifc ♦he wide ranq -w: <eeds of these divers- student • 
ch«iJteHst4 the IJisTrocr - designed around <^re 0 -ajenals 
♦L.i^rl rr^^ for all studer^- ^ese core materia ^ay out tne 

l!ddi7«ill ^.fti« are g ver ^ents with lim--ed backgrounds. . 
S&Tol^or ;Sr?her!n?est-.ati--. and listings 0- reca««ended 
n>«WMM- jre nrovided for-ao^ance^ ^dy for those students with 
IjS^-si^?^" or desire rr,.' *,s and motivates th^n to . 
str *^i?yoncr^e core. ' ' 

c^ii^ v j and Madular Design ^j^t"^ ^ ^ 

science units, are usee ] 't^^^^^ . 

ZI* J^L—nv Qrhnnl5 marine "^^u les are included In estaonsnea 

°l:2^'Jfc^oav^^S^^^^^ .hvsical sciences or environmental 

^erTn,1«1ng Sr1ne science. -ce of the sea, oceanography, 
"^oloc. . marine environmental iies and so on. 

-^ni-cMientlv HMSS inltrucAnal materials are designed to be . . 

ThT 978 ed^^n of the HMSS. instructional material? 
l^^' ^e ^entv ITits list- n the, outline on page two of the 
^^Ir ^it?^5 be usid nd».--«tently for instructional sequences, 
„ b^cS^binld to fo?^ - ^ne-seiiester or one year "urse.in ^ 
T:-^*^ selective! ^-*ining units and/or topics, modules 
"^k! fn^d ihaS are suiiab - - insertion-into olher secondary 
^L""l^?h'5n?t%xaminef ;e...al .related |22ici^n ^nn. sc ence 

clwce concepts and introduce, new vocabulary. 
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'[ HMSS 4inlts- have been classroom, t^st3Bd>s\both iniJependent modules 
•artd as combined units fofwihg one^semester and one-vear programs. Ef- 
forts-are nol# underway to> augment t$J^ teacher^guides with additional 
V Information to aid In selecting' uni*5» a/d It planning for the .t-eachinc 
of concept^ which logltally precede apd^suppcrrt unit studies A Suggestions 
'.w111<%be made for ways lo cofiStne^rt4^s for various scheduling purposes. ^ 

v ^Tatlonshlp to Other Programs ^ ^ • 

•v. Additional secondary instructional materials specifically cm- 
•plementary to the HMS? program are available, in ttie areas of marine 
social studies. Coastal -l^roblems and Resour^ce Managem ent is a one- - 
-V semester course'tJesigned ftsu^nhande the student's apprec^iation of 
Vthe p^1t1caT,.»social , and Konomic problems that often occur- in cqastal 
V^s, The course consists jo.f :tii0 fol lowi-ng five units: ^Introducing 
* 'Cwtal Regions; Coastal Prt^blems, Politics^and Management of the Coastal 
Region* Management Problems; and Politics artd i^riorities: Managing 
Our Cpastal, Future. Both Hawai-ian and continental/ United States case 
studies are' Included. For. further rnformaticn, contact t|he Coastal 
Problems and Resourjze ManaqesTj#nt project Office, University Laboratory 
-SchcAi; 1776 Univerlity AVenue, Honolulu, Hawaii ,96822; Phone 808) 
948-7910, 
^. ^ \ ■ 

'.'i ^ ' ■ / 
. . * • 3> PROJECT MATEPIALS DESCRIPTION 

-StO(ient.Mater(lals (S-pages) * 



tiipic 



lathe student' instructional materials, each topic begins with ^ 
backgroundVlnformation, a recapping of basic concepts and the irtrc- 
dOction of new. vocabulary . v Suggested 'procedures are given to guide 
ivivestlg^to*^. Su^ariy cuestions call for interoretation and analyst^ 
of. observations » • Fbr^udents i.nteT^erted in pursuing furVier stud.ies, 
there are 'suggestions for further investigations And a'selected biblio- 
graphy.; , ^ ^ . ^ ' s ' 



Supplenientary Referencp- Ma£er1als (R-pages) 

As\an aid for students, supplementary reference mate^als are pro-. 



vldedV <b minimize the volume of Required reading appearing on i;h^' 
Student pages, detailed descriptions, of the j5e pr constru'ction ofV 
equlpnSnt and'extended directions for experirm >i ter^n^^ues are pro-, 
vided iVj suppjementary resource booklets fn^ . -^ed^"' Other 

suppieiTiCTital ref^ences are designed. t ^ ennch Luptc^ anr provide 
additional backgrSb^^information. The^e^may be use^d as s^entj-readr 
ings Dr as teacher leeture-type, presentations! For the* FluliJ^arth 
theme, *a series .of progrartinatic 'readings are also provided to allow 
for review of^fuhdamental concept^. _ ' • 



> 
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Teacher' s^Gulde (T-pai» 

-^--v - , 

For^^e teacher, -n* '*ti.onale for each unit is given a-long with 
suggestions for presenti^r -i^oics to stutients with varying abilities ^ 
and/or prior science, bdc*'^*wnds. 'includdifl for ^h topic ^ teaching 
suggestions, advice or : ^bH-rtjom ^nd laboratory procedures , and 
discussion of the cor^^spo^^rr^-rg student activi ties Supplemental infor- 
matl9n along with tab^t*: riagrams is also included for the teacher 
to use as visual aids tr^^-nting concepts and guiding inquiry. 
Student eveuuations are nu ..led in the teacher's guide^ to help students 
and teachers in ass^s nq crrrnress. 



E^iwpent and Supplies , \ 0 

■ The WKS l«)rat:r*y uses standard catalog- suppl i'es or equipment 
readily cohstructed bv scjaents and teachei^s. It Ms assumed that itiipi- 
mal laboratory facTl ir::es are aval lable including running water and 
lab* bench fspacel for btuoents. Care has been taken to ensure 'that the 
program can work un^er budgetary constraints.^ 

Studies of, livinc? jrganismSy whenever* possible, u'se readily'avail- 
able plants and anima ; common t6 the local aquatic enviro^unent.- 
Actl^ttes are designer: to foster a respfensitile concern for organsims' . 
"and "eir haMtats through sound conserwti on ^practices. 

' '4. -"EACIi ER TRAI^fING.AND SUPPORT ^ . 

HMSS Teacher Traini-u ^or4cshops 

HMSVfhaterlals *re disseminated* through teacher workshops designed 
•to prepare -teachers ~or usin.g the, program. Throughout^ th| workshop, • 
teachers investigate problems and engage in activities using the Inborn- 
tory and^field proceSurjes suggested in, HMSS student materials. Discussions 
clarify. science contepts and focus on teaching strategies, classroom 
organizitionvarid management, and methods for adapting ma^terials to 
varying student needs . * 

There are ^'•^^•^ ^es' for participating in tne HMSS workshop 
other th^n beiot, -.v. -tr of science interested in the marine environ- 
merit. Experience ^ . -own that most teachers; ih'HMSS wm^^shops are 
well prepared in^ne or more area^ of science b^t usual ly^not^n all 
areas of marine science and technology. Teachers a^e encQuraged to 
share^ knowledge and experience to enjnch the workshop experience.. ; . 

Special) efrart? are made ducing the worJc^op to familiarize teachers 
with local marine field study s^tes and with local maiFine plants and \' 
animals. Discussions af field trip planning iacludj? dmsideration-^or 
student safety as well as strategies for optimizing sti/dent learning. 
Recognizing that field trips are.not always possib'ie, Alternatives, in- 
cluding demons tratiorts ajjid simulations are explored. Because of tha 
emerging nature 0/ ma'rine science, car& is taken to aquaint teachers 
with ways to keep up to date with developments in Arine -science and 
technology. ' - j ^ / . '^>- f 



HKSS Teacher Training -Wtirkshdps may be of varying lengths depending 
on needs and Interests of .teachersv. Most of the student actlvitiTs 
In tKe HMSS materials can be in^Juded 1n an intense eight-hour per day 
tM-week workshop. Longer works^hops (three^to four weeks), and academic 
year workshops meeting once a week- with subsequent follow-up sessions 
altoM for more -in-depth Exploration of topics' oir i\aerest and acidvtional 
opportunities for^feachers to participate in jxTean^toiit field e;^erienc?s. 

Follow-up Support ' ■ ^ 

. ' 3 ' ' ^ 

Follow-up Ses9lons tpri)#ide opportunities for^eachers using 'HMSS 
1 nstruct 1 onal mater i a 1 s to get together to share conrion experiences, 
successes and problefms' after the work shop .4 Typically, these session^ 
are held after school or oru.\Veekendf>4 to 6 times during the* .academic 
year, Ses^ns are often Keld in t^chprs ' ^plas.srocr^. Occasional]^* 
they arc P'^^^5}ed as trips to fi^Td study sites^ 

' \ " -^'.^ ' 

^5, ^VALIDATION." 




Field Testing 

TheHwSS miiterlalk have undergone several' wrlting-testiag-revising^ 

Jfcles. They have beerf tested in tKfe ^University Laboratory School and 
n pilot schools throughout Hawaii. A field-tested versTe^ will be 
ready for extended pilot tes.ting in'the S unmer of 1979.-» Dissemination 
there after will be through teacher training workshops, s . ' \ ~ 
—r-. — [ ^ ; 

In, 1^76-77, classroom testing of draft HMSS materials was done at 
the University Laboratory School with classes of students from grades , 
t^n thi^gh twelve. ' Working wUh students who represented a wide range 
of atfllTlties and prior lexperiences 'in science^ave the HMSS -^taf f an 
Ininediete opportunity to^test the effectiveness of ideas awl approac>ies [ 
on diverse groups. ^ * ^ . 

• During Spring 1977, classroom te;achers reviewed and/tested portigns ^ 
of HMSS units. Materials were also reviewed by researchf specialists 
to assure their cqntefnt validity." ' ' v/ ^ 

Sysltematic^ifield testing of the ^SS materials in public and private 
schools of HawaTi was begun in Fall 1977. Pilpt teachdrs were introduced 
to tlie first semester of the HMSS materials in the two-Week HMSJ^Pilot 
Teacher Training Workshop in August 1977. Based on feedback ftom pilot 
teachers and their students. HMSS. was further revised for the Summer 1973- 
Draft Editipn described in this Sampler . Extensive, pi lot testing involving 
more than thirty teachers and* t;hei r classes is tiontinuing thsQugh' the • 
1978-79 sch,ool year. " ^ - 




'inq Connlttee and Staff 



- ■ Adulsljig the prpject^s the HMSS Steenng Conn.itt^a, a selected- 
groupTtM^ers and researche/6. Teacjwu^r.eribers are expepe^^ 

-larlSe sc4ence-teadiers frm local, publtc arf»gj)nv^te hig> sCt\^ols 
1*^ S;iS-tSlfrft cqp«.itteelf,e^ ex^er^^nce of the realism of the^ 
^classroom Besearcftneinbers include urMVe«it> «t)A)fessors of rarin* 
b "S^TdJienll^jr. geology, and ocea'rv engineering. In its advisory 

- clw^ty tlirHMi^itlerini/Corrnttee neets peripdicjllyto.discass 
thTHHSS program. Hankers are listed on the following pages. , , ^ 
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"an experpt from 
UNIT?. PROPERTIES OF WATER 



Unit 1. Properties of Water is the-.fi»:st of four units in the ( 
-theme of The Fluid Earth , Unit 1. is designed to introduce students to 
the physical properties of water. It covers the, basic prcperties" of 
matter necessary to explain most physical narine p+i.enorriend . Included , 
are studies, of pressure, densitV, state change*, currents, surface, 
tension, cohesion, and adhesion. ' ^ 

Topic 1. Characteristics of Water provides a genera' introduc- 
tion to^the physical properties of water. Students are prese/ited with 
.a;set of anomalous situations which are to be used as reference 
observations throughout the remaining unst.: 

• * ' . ■ ' 

Mass, voluma, and density are introduced In an .acconodnying sr^a<ling 
which is not included in this Sampler . Additional infonmarion is given 
in the Draft 1978 Edition o^' the Teacher Guide on discussnl)ns of 
observations. and hypotheses formatiort for each of the laboratory inves- 
tigations. An evaluation of student understanding is alsoUiicluded 
in the comfWete materials, but not included in the Sampler exce?T>$s. 



V ■• ' ' student Page 

HMSS: Fluid Earth V 

Unit 1: ^Prowrtfes of Water ) * „ , V 

^' V' CHARACTEf^ ^^TTG ^ WATER ;THER LIQUIDS ■ 



- Looking at picture .of earWom .see; bne is struck by . 
the amoiint of the total surface thU^ overed Jjy.water. In the _ 
ocean and lakes we\ave liquid ^k^K around the poles ice^ and ' ■ 
the atmosphere clouds'.". But what are the chVacteristics of this 
substance ^led water? In a series of Tjbo."atory. investigations 
w will, Jitteirt to observe 'ejnd identif^ome of these properties. 

Problem ' ■ y > - ' . ^ 

l What are some^of the properties of wafer? - 

Procedure . ' - ' ' ' 

»1. Go to each of your assigned stations aajl do the following: / ^ 

■ •. a. ' Perform the operation^ indicated on the procedure card. 

b. (tecord the observations in your notebook. ' , . 

2. Put the station-'back in the sameVder'it was befpre you used - ^ 

■ ' ■ thfe equipment.' When instructed, go .to the, next station. 

' Stmnary Questions ' 

1. .WhatTs meant by the phrese. "properties of waterV? . 

2. -Wfiat properties of water might account for each of your observation^ 

3. Which ot.servations, if any. might be explai-^d by the same propertie 

4. Whl^h of your observa^^ions cannot be-^explained? 
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( CHARAdERISTICS^OF WATEK AND. OTHER LIQUIDS ' . 



\ 



Objectives 

To Introduce students to ^ ^ - \ 

1/ A Serles'of situations that will be anomalous to fnany and 
• will provide insights into characteristic properties of 
water . 

2. The idea that the physical plroperties of liquids vary 
"widely from liquid to liquid, « / 



* Anticipated Time : Approximately 1 to 2 class periods. 

. \ ■ ' ■■. ■ t ' ■ . ^' ; ■ • 

Class Organization • • , ' ' 

■ ^ , • 

frime is important This Atopic is desij^ned to be conipfleted 4n 
40-80 minutes. I here are-10 stations suggested.- It will taJe 4-S 
minutes at each station. Other considerations include (a) t^ie 
^nciblems are' straightforward and therefore need not be lingered over, 
and (b) not all students need to do all observations. Results 
can be shared during discussion. ^ - - * ^ 

- % 

■ Number of Stations depends 01^ the -method used foy- organizing 
students, 'Groups of three work well in classes, where sone students , 
are poor readers.- A student who reads welDcan be aks-igned the 
• role of organizer. If students work in groups of 3, TO stations 
will be needed for 30 students, *If students work in pairs, 20 
stations will be needed, ■ ^ , 



Alternatives ^ • . - : 

The sequenc^can also be done as a class demonstration. Even' 
here» however, student participation is highly desirable. 



Introduction 

Student-performed investigation: . Introduce the problem without 
ar\y elaboration. The tenii propertie s will be already (Understood by . 
many students* but for others it will be defined in tte context ol"^ 
the oDservations, . ' 

a. Explain that at each station there is a card with 

instructions. Students. 4re to read the card, perform 
the.operations,* and record the data. 



)f1SS: 
Unit I 



Fluid, Earth / • O 

; Properties of W^ter 

After sWtteirts are finished, they a r^ to re^uig 
to the«conditiort it was in initially 



r 



(T-2) 



the station 



levlevr of j^ctlvities 3 

y Use tjtf four Sunmary Questions found id the student materials 
^Ide discusslbn. 



to 



b. - 



iXilckly establish that a property of a substance ^a \ 
category^ of substances .is an ^attribute or characteristic^ 
quality. For exdmple, properties of watjer Include its lack 
of color, ^ts transparency i ^d its^botl ing ppint. 

Haling established the general meaning of property, get • 
' some concensus asXfo what was oSserved^nd what, if anything, 
seenied puzzling about 'each* of the situations. With each 
description, ask what property of water or other-liquid / 
might explain the phenomenon observed. Accept terms such -.S 
as solubility or capil larH y.if students are unable at ' 
this time to label thelpRehomena rhey describe. * fts^he , 
.students wcyric through Unit I, they wilT gain a greater < 
V understanding of , the pi^operti^ of water. \ 

MAlkRIALS FOR STUDENT LAB STATIONS, 
(Instructions are given on pages which follow) ^ 

Since this topic calls for the setting up of 10 stJition^, each 
station will present a different kind, of situation which students are 
to observe. Note: A list of total materials needed is included in 
the teacher pages, but omitted from the Sampler . 



station #1 ' 
Cohfeston i' Adhesion & Pressure 

1 set -glass, plates' with 

haftdles 
100 ml rtap water, labelled 

rsaft watar, label U 

-methyl alcohol or ditto 
fluid in labelled 
beaker or bottle 
-eyedropper 
-toweling 

-Instruction card \ 



lOe ml 
100 ml 



1 ea 



^ Station #2 
Thermal Densities 

1 ea -conmon hot water source 
50 ml -dyed'ice water, in con- 
tainer 

50 ml -dyed hot water, in con- 
tainer / 
1 liter -tap water, labelled 
ea -200 ml containers (tall 
jar 

1 . ea -waste bucket 
-toweling 
-instruction canJ 
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Adhesion <ma Surface Tension 



3 ea 
3 ea 



/.^%m diametep-shell vial 
-Uwir diameter shell vial 
(2 js> 4 art) 
l60 nT HKtsyl alcohol , labelled 

in oeaiceV- of bottle 
100 ml |tap Mater, labelled 
ibO m\ -salt water^ labelled' 
3 ea ' /eye dropperl 

-instruction card 

4r ■ ' ^ ' 



Station »5 
Solubility 



3 ea , 

1 e« 

250 



-graduated cylinder.. 10 
-test tubeWlO-15 ml 



ml 



-test tube rack 
-sodium chloride (table 
salt 

100 ml -tap water, labelled- 
100 nr.-salt water, labelled 
IdO ml -methyl alcoWpl, Ubelled 
? in beaker or'!:^ttle 
1^ -used liquid* ccitttainer^j 
^-agellng 

*^zt -nntaiher or sink 
n^t^t 'on card 



^Sti^i<)n #4 . 
SurlHice Tensi^on 



10 ea -squares of aluminqja , 
foil (1 cm X 1 cm)jl^ 
3 ed^ -50 ml beak^. 
1 ea -glass stirring rod 
''too ml -tap water, labelled 
100 ml -salt wSter, Idbeil-ed 
100 ml"^-methyl alcohoU labelled 
in bi^aker of bottle 
-toweling . 
-instruction card ^ • 



Station #6 , 
Boiling Charajfteristic of Salt 
' Water vs 5resh ^er , v 

t^mometer (upper ' 

iwk no**) \ , 

•heat source/( hot, plate, 
preferab1e^to-hold two % 
50 ml beaker^) 
•beakers 

•tap water, labelled 
•salt water, labelled 
■Waste contained* or sink 
•toweling 
-instruction card 



1 ea 
1 ea 



2 ea ' 
200 ml 
200 ml 
1 ea 



Station #7 
Buoyancy 

Tea -shell vial, weighted anc 

corked* (use sand or BBs for 
ballast) 

a ea -beakers or tall containers 

150v©l (talV) 
sod ml -tap water, labelled 
200 ml -salt-water, labelled 
200 ml -methyl alcohol or dittc 

fluid in beaker bottie 
-towel inc 
-instruction card 



1 ea 

1 ea 

1 ea 

3 ea 
100 ml 
TOO ml 
100 ml 
1 ea 



Station #8 - 
Capillarity 

-capillary tub^ (10 cm 
oir^ longer) 

-glass tubing^Jtrin (MO 
cm or longery'^^>^ 

-large bore tubing (TO 
cm or longer) 

rflat dish (petrl dish) 

-tap water, labelled 

-salt water, labelled 

-methyl alcohol , 

-styrofoam cup 

-tOb^ig holder 

-metric rulef, 

-toweling 

-instructfon card 
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^ ' \ i Station 19 
Blpanslolt df^fCases and non Expansion 
^ Liquids^' jC 

2 -ea'Wlfcraneyer flasJcs , 250 ml. - 
2 ^ -f-holed #6 rubber, stopper 

to fit fTasks ^. • ^ 
2'^ea" -glass tubing {20 tm or to 

bottom of fla ks) 
2 ea^ -rubber jtublnc,^ 6-8 cm 
2 ea' -syringes, 30-aO fnl 
-toweVIng - 

-Ir^tructftn^card labelled- \ 
' System 11: Air and Vater^ 
System 12: wter Onl^ « 



(T-4) 



SiJti 



on #10 



2 e4 
T ea 
1 fea 



SiphonV 



-containers, ;200 ml 
-tubing, 25-50. cm 
, _ -metric ruler* j . 
505 nil -^ap^ater, labellec 
-toweling t 
-instructfon'card 



4 



> 



DIRECTIONS FOR STUDENT LAB STATldHS 



At- th4 9^ station you ^e testing how 
hard it is to pulKapart two glass platen 
when there is a Ijfquid, between them. 



STATION #1 



dire ctions 
1 



I 



2. 
3. 



Pull apart glass plates that have 
water between them. ^ 

a. Begin with clV". dry plates, 
b* Place 5-10 drops of water on 
oh plate, 

c* Press the second plate against 
the first plate. Eliminate a — 
bubbles by sliding one plate 
over the other. 

d: . Grasp the jar handles and puT the 
plates apart.* 

e. Record your pbser^tions. 

Repeat procedure using salt w^ter, ttier 
again using alcohol . 



Suggest a hypothesis to^ explain your ol ervations. Test if tim? allows. 



When finished, dry off the platas and -aturn the station to its 
original condition. 



•Cau 



lu^on: 



Pull nently and only i the direction shown by arrows. 



/ 
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STATION »2 



^ 



*• At this. station you are observing what 
-happens whertcolor^t Oiot or ice-cold water 
VI ir dropped- Into water iftwt is at room . 
\eBperature, < 

i* bl icectlons ^ 

*Hirtwo^ll clear gl^iss con- 
tainers 3/4 full ,of tap wat^r. 
In one cont^lner^place 3-4 drop$^ 
of hfit coloVed >rfater on the stir^^ce 
t)f the tap water. Observe 3na . * 
record what happens to the drops. 
In the other conlSiner; place 3-4 
drops of colored ice-cold water on 
ttie surTace 'o^he tSp wa±er.- Ob- 
: s«rve andaecord what. haflf)en^ to^ 

Sugge^?*^' hypo thesis' tp explaih 
your observations.' Test if tiine^A^ 
allows. Record results.r^ 



1. 
2. 

k 

4.^ 




' " When fin1feh4»d, pour water, into waste 
container Wurn the siatipn to its 
'orfgina> condition. Replehish hot or cole 
water* If^necessary. , > 



^ets colcJred 
water 



col<i ^olo-c 
water 





room temperiture* water 



■ 5TATIONJ3 

' At this Vtation you are observing the - 
appearance ofliquid^ in vitals of differer.t^ 
sizes.* 

D1 recti 01^ ' ' 



1. Observe the appearanqf of fr^h water 
the smaller vial. . , r x n ' 

^ a. Fill "the smallw^ vial, 1/2 full 
of Water. Sketch what you 
observe. • > 

b. Using an eyedropper, tt ii tne- 
sam^ vial to its maxinium capa- 
city. Sketch what you observe 



ir 















iSalt 




Water 

a 




Water 













Q □ 




d ^ ft e ren t;;^ i flmet c r 
vi als 
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2. 



Oibelrve th? appearance of water in the larger vial.- - 
r aT . Fiji the larger vial l/2,^Tof water, ^ Sketch v 
iV- ^ observe, " , v 

b, , Usikg an eyedfopper,/f ill the larger vial ta<Jts m^i 
5 < capacity/ ' ^ 



what ypu* 
mum . 



3, ^dkpty both ^als. Pour liquid into wast^ cont^^ner 
4 
5 



Repeat procedures using salt watery then again^sing 'alcoh^J«f 

Suggest a.hyopthesis to explain your* dbs,ervations. Test if time 
allows. Rec^dVe^lts. * " , ^^^--^ v 

When finished, return tlje station^to i^s'ori^girtal condition, r 



I 



^STAlffON #4 



At this station you are observing how readily a small*Trfex:e of 
aliwinum feiTcan be made to sinkVbelow the surface of liquids. 

Directions " ' ' ^ f 



1 



2, 



" O b ta in a. small piR;e of aluminum 
foil about 1/2 cm-x 1/2^ cm. Make 
it smooth and* flat. ' i ^ 



Observe foil in water 
a. 



b. 

c. 



Fll,! beaker about 1/2 full ^\ 
\rfater, * 
Drop the piece of foil onto 
'the surface of water. Record 
your observations. 

Using the rod, try to sink the 
foil below the surface. Record 
the results. • 

Remdve the foil. dry>it again. 
Make the surface 'sirtodth Snd 
flat. 

Empty beaker. Pour liquid into 
waste contaimer. . 



Salt 
Water 



Alco- 
hol 



y^'ater 



Using other liquids, repeat procedure 
#2. 



glass rod 




Writer 



Suggest a Hypothesis to explain ydS 
observatior s. test as time allows. 
Record Resi^lts, 

When finished, return the station to its original condition^ 
Rinse your beakers well. 
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STATION »5 



(T'-7) 



At this •station you afe^ testing how**readi1y ta&le salt dissolves 
in various 11qu1(l$. . , ^ \ ^ 

Directions ^ 



■' 4 



jr Obtain three test tubef. PUck 
1 salt ^rys.ta Is* into each tes^ 
^ tube. 1 ^. 

2. Into the flVst test tube, add' 

► 10 ml of water. Shake the tube 
for about seconds, and place 
' fM^be In the rack. 

3. Repeat procedure 2 -using salt 
water* then aga-in ftsiRg aiC'<ihol. 

4,. Observe how well the salt dis- 
solved. In e§ch liquid. Record data. 




Sale 
Watpr 



^Alco- 
hol 



5.. Sug^^st a hj^po|hesis to explain 
your observations. Test as time 
allows. 



When finished, emfTty the test ' 
tubes, rinse with tap water, and place 
tubes upside down in test tube rack to 
dry. Return the station to its original 
condition. 











f 1 


. 


/ 
















« 


t.:,:, 








'J; 




salt 





/ 
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STATION #6 

/ At this station you are observing the tkifference between fresh 
water and salt water as they are heated to their boiling points. 



Directions:. 

1. Obtain a hot plate, a ther- ■ ^ 
mometer, and two small beakers, i 

2. Fill one beaker 1/4 full of 

tap water. Fill the other 1/4 ' 
full of sa'lt water. ^ ^ 

3. Place both beakers together 
^' • on the hot plate. 

4. < Heat, recording temperatures 

at 30 second intervals until 
the Tiqulds have boiled for 
minutes. 

" " . . ^ -20^ 




Salt . 
Water 
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5.' Surges? a hypoth*sis-ttf explain ^our observations. Test if time 



allows. Record data 



^ When finished 
stafionyto its orig 



•X 



, .turn off hat 4)late^inse ou^fc 
ginal cond-ftion, ^ \ 



beakers and return 



in various li<)uids.* 
Directions ^^ 



s. station you are ol^serving how well a vial floats or sinks 



\%iATK% glass containers ^ fill 
th^ftrU 3/4 full .<Jf water, the 
'> "second 3/4 f|ll of salt water; * ^ 
" ^ and jtl^ third 3/ J full of aUo^JX 

2. Try 'floating the weighted.-vial 
.In each of the liquids. Record 

^ the depth Qf -sinking-: . . ^ 

3. Sugist a hypothesis to e^^plain 
your observations/ Test 4/^ time 
allows. Record resu-lts' 

* -* * ./ , 

When finished, pour the. liquids back into their contail 
Jletum-the statipn^to its original condition.. 




Alcohol ^ 



^ STATION #8 

A\ this' station you are observing 
how liquids rise in tubes of var*1ous sizes. 

recti ons: 

1. ',Obtain tubes of various ^izes . 

supported vertically in 3 cup as " - 
shown. 

2. - Observe how high water 'rises in 

the tubes. ? ^ 

a- Fill a flat dish 1/2 full of 

tap water. ^ 
b. Place the tubes in the dish 
• of water. 



5tyrof| 
cup tu 
holder 



tubing 




HMSS: Fl^ld E*rth 
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c* Hake necessary neasurepenU 
^* and recqrd d^ta. ^ 
- d.* Elepty the dish. 

' , ■ f' '' 
3. Repeat prociedure uslna Sjilt 

Mter and then alcohol. ' - ^ 

■ ■ y 

4^ : Suggest >»liy>pthj^5 1 s to 
explain your observations. 
Test If tine allows. Re-^ , , 
• cord results. 

; Mien finished, rinse the 
dish well *rftb tap W^ter. Return 
the station to Itj original 
cohditloa. 




tubing 
holder 



flat, dish 



, ' STATION #91 

^ At this station you aire observing how readily water can be re-, 
mved frbnf a system fhat contains water and air -as opposed to a 
svsten containing only water. • 

birectlons : ^ • 

1. Hold the barrel of Syringe #1 
securely. ^ Pull dh the plunger. 
Record your observations. 

:2. ^^Id, the barrel of. Syringe ^2 
. "Secur'ely.. Pull on the plunger. 
Record your observations. 

3. Suggest a hypothesis to explain 
your observations. Test as time 
^jtllw«v Rejpord results. 

Twhen Hnlshed/ return the station 
to Its original condition. 





*SysTom 1 



Sy!4tor.> 2 
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STATION no 

At this station yowiiaf^M»*^n9vU1leMllt 
■ay bt siphoned. 

Directions ; 

1. Obtain two containers. Fill one 
about 3/4 full wltb water. Leave 
th« other empty. 

.2. Start Xht siphon. 

a. Place containers side by side 
on lab* bench. * 

b. Fill .the connecting tube with 
water. 

c. Pinct both ends of the tube 
tightly. Place one end of the 

« tube In the bottoqi of the 

c onta 1 ner t ha t 1 s empty . 
Place the other end of the tube 
» In. the container with the 
_w«er. 

^ d. IWease tjh* tubing. ^ 

»w If siphon Stm does not work, 
request help from teacher.. 




(T-10) 



ndHlijins liquids 



3. 



5. 




RaUe t^re container on the Jeft so thatvthe wat^ level Is about 
2 an above the one on the right. Observe and record under what 
conditions the system stops operating. ^ 

Raise the container on the right so that the water level Is about 
6 cm above the one o.n the left. -^Observe and record under what 
conditions- the syston stops operating. 

Suggesr a hypothesis to explain your pbseryation. Test if time 
allows. Record results". 

When finished, return tfS station to>its original condition. 



J 
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an excerpt from 

UNIT 6. HOLLUSCA 

Unit 6. Hollusca 1? one bf ten units examining plants and aninals 
f in the>tHeme The Living Ocean . : 

Unit 6. Monusca Introduces students to the structure and function 
of marine bivalves, gastropods (^naiVs), and cephalopods (squid and 
octopus). Included are laboratory activities and investigations 
using readily available organisms. .'y. 

Topic 2. Head-Foot MoHusks Investigates the distinguishing 
features of a squtd. After students have carried out the lab anatomy 
procedures, th^- prepare and taste a recipe using squid. • ' 
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2/ .HEAD-FOOT MOLLUSKS 



C«phalopbds are mollusks. The term cephaloppd ijieans head-foot, • 
aptly descrtblngthe squid, octopus, cuttlefish and nautlltfS which 
fc^lOfig to thls^group. A charact€r1st1c bf 'cephalopods is the foot, 
Mhlch his *WOif» specialized and divided intp;.numcr*ous anns. 

Although cephalopods .are moll usks, not/all cephalopods have 
COBplete shells. The nautilus has a welf-developed shell. The squid 
his an Internal ^remnant of a 'Shell, celleja pen- that, looks Yike a 
-thin sheet of clear plastic. A harder, more brittle plate called a. 
, cuttlebone Is found In the cuttlefish. The octopus has ho shell at 
all. Its only hard body part Is Its beak, a mouth part, but this Is 
fiot a remnant of ^ shell ^ 

The large eyes of cephalopods are also of Interest. The deep-water 
nautilus has the most primitive eyes. Other ;cet)halopods- have well- 
developed eyes which are YeroarkabTy similar to hum^^ 

* Although roost cephalopods 'are of relatiyely small size, the giant 
* squid is the largest of all Invertebrates, reaching lengths of 15 



liBS:- LIvliHJ Ocean 6.2 ;v ($-2) 

yhat.are the distinguishing' features of cephalopods? 



Materials 

jPer class; 
■ -hot pTate or .frying p^n 
<^1 can stenfed tomatoes (16 oz) 
-baillft orega^o. and bay leaves 
-ISO piece Portuguese sausage^ sliced (8oz) 
^1 can chili beans (16 oz) 
-1 on1o9» sliced ^ « 

.-paiper platei,. plastic forks . 
-15 cm square^ ziplock baggie 
-liquid soap^ ; 

Ptr team: 

-1 thawed 15 cm squid 
-1 newspaper^ .4-5 sheets, thick * 
-several paper towels 
-dissectlna microscope or hand Tens 
* -1 raxor blade or scalpel-* 

-3 tesjt tubes with rack - ^' 

. -alcohol or carbon tetra chloride . - 
-sa.lt water 

••tap water \ . 



Procedure ^ 

. 1. .tead over the Si^ninary Questions and "^keep these in mind as you 
begin this topic. Refer as needed to Figure 5 Squid Anltomy. on 
■ Pag^ S-5. / \ ' ' ^ . ' 

2v? lay squlda^fl'at on a neWspaper v#ith the head. or ahteripr end to 
the left and the\iphon facing up so that the ventral side Is 
showing. . See Figure 2. 
3, Remove the pen. Grasp firmly with your fingers and pull pen 
free'^'from mantle. 



IftSS: Living Ocelli 6.2 ' (S-3t)> 

► . ■ ' • ■ 

4*. Using the razor blade, cut the mantle from its anterior edge 

next to the siphon to Its posterior tip. D^^rio^cut into the 
Internal organs. 



5. Locate the .structures listed below and describe 
their functlon(s). Sketch them in Figure 2. 

a. siphon and associated 
retractor muscles 

b. gills . 

c. pallial cartilage 
- d. ink sac . , 

' e. ovaries or testes ' 

f. testacies 

g. fins \ 

h. mantle 

6. Remove the ink sac. Test the ^ ^ • 
•Solubility of the ink. 

* Cut open ink sac Place a 

few drops of ink into each of 

four test tubes, 
b. Try dissolving the ink using 

a different liquid in each 
^ test tube. Use tap water, 
\ 'salt water, "^alcohol or carbon ^ 

tetrachloride and soapy water. ^ 

7. Observe' features of a single sucker on th^ tentacle 




Figure 2. Squi d 

venrriP View. " 



b. 
c. 



Cut off a 0.5 cm piece of tentacle and place on a glass 
sl'ide. ' 

View under the dissecting microscope. 
Draw a single sucker in the space 
provided?^ 




J- 



o 



Figure 3. Drawing of a Sucker. 
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• • _ ^ ■ " % ' ■ '■ 

8. Rfloove beak. 

a. ^Separate head fijw tentacles with a razor blade at line 
' /V as $Wn It! Figure 2. 

b. Pull, out the beak. Wash and. save it. 
Make sketch of beak In the space 
provided. 

c. Remove and place viscera in a plastic. 

bag or newspaper. Give to the teacher F1qure 4. Drawing of 

' . ^ ^\ ■■■ ■ %Beak. 

or save fdr feeding aquarium organisms. 

' ^ d.^ Wash the mantle and tentacles. Save. : " ' 

9.. ' Slice and cook the. mantle and tentacles: 

S^Ute the slicied Portuguese sausage and onion. Add tomatoes, 

"^chlll beans,' and herbs. Bring mixture to a boil . Add sliced 

tentacles and mantles.. Simmer until mantle turns white {2-3/ 

minutes). Serve hot. 

^ ■■• i. .' - ■ ' ' ■ ■ . 

Sumary Questions . * " 1 

.1. .What are the distinguishing features of cephalopods?^< What features 

relate cephalopocis to ather m'dllusks? What features of roollusks 

\- * ■' • . . .. , ■ . - ■ • - 

^ are fDund In other phyla? ' 

2. What j's the primary food of the octopus? How does it locate, catch, 
and eat its prey? ^ ^ ^ y 

3, ' HiDw does the chemical composition of the cephalopod's "ink** aid 
, In protecting the squid? ' . ^ 

^4. Describe the jet propulsion of a squids ' r" 

5. List several specialized methoc^s <5f escaqfe (defense Mechanisms.) 
used by cephaldpods. , 

scji^ic 



ca^e 



6. How does an octopus differ from a sqrfid^ List differences. 
. ■ " . -30- ■ 
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Further Activities ^ 4 ^ ' 

1. > Visit a'local mellusk aquaciiflture site. \ 

2. Collect discarded food debris from around octopus dehS- Identify 
the species usied as food. v 

3. Design and conduct behavioraT studies on octopuses. 

4. Try differ-fent cepha.lopQd recipes and different cooking methods 
/soc^^as;^^k)illng> baking, broiling and smoking. 



( 



I 
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Teacher Rage, 
(T-l) • 



HEAD-FOOT hPLLUSKS 



Objectives 



1. 

2. 

3. 
4. 



To detenpilfie the distinguishing features of cephalopods using 
the sqiiid as an example. 

To describe cephalopod jet propulsion and to locate structures . 
responsible for locomotion. / 



To describe methods of protection and feeding used by cephaTopo 

To describe other cephalopod groups and to relate cephalopods to 
aollusks* * 



5J To sample squid as a food. 



Materials 



■ Initial Preparation 

-Purchase frozen squid from a local market. . One package usually 
contains enough squid for one class (about T5-20 squid). Specimens 
approximately 15 cm (including head and arms) are suitable. 
Thaw before firh class. Refrigerate squid to be used later ^ 

,;1n other classes. Have students bring the sausage, herbs and. 
canned food to class. ^ 

.If possible, have an octopus on display in the classroom aquariian. 
In Hawaii* the "day" species is best for jquarium observation as 
It can tolerate daylight, whereas the "night" species moves away 
from light, y ' ^ 

Equipment per Class ^ • 
See Student pag^ S-1. 



Teacher References 
Berry » F. 

Buchsbaum» R.. 
Kay, A. • 



^12 CeiflialoDOd s of the Hawaiian Islarhls . 
/ _ ^ F^yt. ftull. Vol. 32: 2S5-3«. 

ig74 Animals Without^iackbones . pp. 0^9^420^. 

1970 Biol o qy.of Hollusks, A Symposium . 
HIMB ?|ch. keport No.. 2ll 
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Jfcoirer, T. and 
. R. Usinger ' 



1965 General Zoology ^ pp. 4'2 1-423. 



Van. Heulcelen. U. 1975' 



The Growth, Bioener^qetics and 
J,if espan ofr the OctflPUs GyaTiea an^t 
0.^ Maya , - PhD. ThesTi, Unlvers'ny of 
H^wal 1 . 
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. Anticipated Time v % ^ ^ 

. ■ .V ■ « ■ ' 

One periods. 

>•■■..•-"■.■ : ■ . - \ ^ y ' ■• ■ \ 

Introduction (Contains sotne information needed to answer. Sunmary.Q.ue?tiions, 5-4) . 

Cephalopods have ttieir molluscan foot subdivided into "arms** that 
extend frow the head. We -squid's pair of extra-long arms are some- 
tints called tentacle^. The sguid mouth is located at the base of 
the head Inside the umbrella arms. It contains a horny beak made 
up of tiwr Jaws. The shape of^he jaws is used to distinguish varieties 
iri thin species. A rddula or horny strip on the floor of the mouth 
Is alsa present. ' ^ ^ 

♦ SquldS) and octopuses havfe three specialized means to escape 
predators!' camouflage, illusion -by ink-cloud, and jet propulsion. 
Thesy caii' camouflage th^ir skin color in chameleon-like fashion to . 
blend with the surrounding environment and can also create a shadow ^ m 
Image by 'throwing out an* ink-cloud which predators confuse for the 
real, escaping ^nimal. The shadow, image lasts long enough for 
escape because the ink conta'ins a waxy, substance that retards diffusion 
into the surrounding water. Predators such as tuna, sharks and eels, 
which cOBiDOnly prey on cephalopods often fail to catch /tftem or arer only 
able to bite off an arm or tentacle. It is not unusual to find an^ 
octopus ^r squid with one ^r more stubs among its remaining tentacles. 
If caugfit. the octopus can bite it's ^attacker with its powerful beak. 

Shells of cephalopods racge from the complete external- covering ^ 
of the nautilus to the complete absence of shell in the octopus. Between 
th^se extremes' is the reduced internal shell of the squid. 

^ In Hawaii, there are two shallbw water species of octopus com- 

monly founds The "day" octopus, is a brownish animal which can grow 
, up to 2 ro long and weigh from 2.5^ kilos. The "night" octopus 'is a 
' jm} 1 er% r^dl sh ar&mal Vji> T^onger tented es : : , . 

" * The presence of empty<-t;lWa"d crab shells often indicates the .'^ 
entrance to a "day" octopus d^n^/ as these invertebrates are often ^ 
eaten by octopuses. ^ 
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-Octopuses are bottOmNdWellers and are found Inside the reef, 
Mhlle Bost.squtds are nektonic, ifree swiinfting) and live outside 'the 
reef. In Hawaii, pe6ple mistakenly think they are catching squid when 
they go "iquidlng", but. they are really hunting, for octopuses inside 
the reef. , ' fr. 

r Firming octopuses has been, tried in Hawaii. Dr. W. Van Hegkelem. 
wtK) has workedTwith fertilize eggs of both Hawaiian species and ^ 
Mexican verlety, has found that to date only the Mexican species, 
wfllch has a larger egg. can be fanned commercially. This may be 
because the greater nutrient content in the larger egg »}elps the ' 
newly hatched Mexican species to survive under artificial condittons. 

■ ■ ' * . , « * <: 

Investigation (numbers refer fo Student Procedures) 

1. Ask' students to keep Summary Questions in mind as you present 
background information to them on cephalopbds. 

-9. 

a. Trace the passage of water throu^ a cephalopod's j^et propul- 
sion system for the class. The mantle dilutes and water, enters 
under the dqrsal surface margin. The water exits upon con- 
traction of the mantle muscle via* the siphon. At this moment, 

. the mantle margin is tightly presided to the squid's body. 
The pallial cartilages maintaiji^mantle shape and direction of 
^water flow. The siphon can bedirected forward or backward. 

b. Emphasize cephalopod ecology and escape mechanisms*, such as 
jet propulsion, ink cloud forraatiq^ and camouflage. 

2. Show students how to place squid on newspaper aligning it as shown 
in Figure 2; 

V * ■ • ■■ '■ J 

3. Dononstrate how to ronove the pen. Discuss how the cephalopod 
skeletor/fevolved. ' * . 

6. The waxy ink will pot dissolve well in water. It will diffuse 
better in alcohol or carbon tetrachloride. 

7. Examine a sucker cup for design. Inform. the students that 
' sucker design is taxbnpmically important to differentiate 

varieties within a species. , 

8. Remove beak. It is easy to eject by squeezing the mouth 'area.' 

- ' ' " ■ . . •.- * 

C. Freeze a1] viscera from the squid. - Perii)d1cally, slice off a 
piece of frozen viscera ahd'feed to aquarium, inhabitants as 
a variation of their daily diets. 
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Collect the cTeantd^ibntles a/id tentacles. Prior to cooking, . 
you can remove the pigmented covering of the mantle! It's not 
essential, but the'mantlfe wITl b& whiter when- cooked. Havfe a 
stuoerrt do the cooking. The s(tuid cooks rapidly and turns 
white when donp. Overcooking results in toughness. 



• 

1. Cephalopods 



usks 



-foot divided Irvto arms rfoot 
-shell reduction -shell 
Hiantle as swlmnlng orgar^ -radula 
-suckers on tentacles t ^ 
-Image perceiving eyes 

Co— Mialtties w^ith Other Phyla . 

•^Bilateral symn^tryi complete Jigestive tract? etc. 



3. 



Crabs^and mol lilies. .Eyes. Tentacles. Beak, 
the waxy Ink keAs It fykn diffusing rapidly. 
4. 01jscu$9ed under tpves^^ati 
9/ Refer to Introduction, page T-2. 
6. Octopus ^ Squid 



on 1 on previous page. 




""^"-^oht amis of the same 

l>pgth- , 
/i -bulbous body form 
-benthic * 



-ten ams, one pair /longer 
-cigar-shaped body 
-midwater 
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an excerpt from ' , 

UNIT 1. TRANSPORTATION 

** • .\ - ' ' ■ . 

' Unit T.^ Transportation is one of four units in the theme Technolqgy 
and the Ocean . Unit 1 examines the size, structure^ and function of 
sta transport in terms of stabil ity,. buoyancy , and relative carrying 
capacity. ■ 

fopic 4. The Size of Transport Conveyances provides students with 
concrete representation^ of. various ships. Comparisons, can then be 
•ade with airplanes, Vailroad trains, and trucks on'the relative 
capacity efficiency of various modes of transportation. 




/ 
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_ , . student Page 

HHSS: Ttchnology . (5.1) 

Unit V: Tr«n$portat1on 

■ , , ■ ^ "v 

4. THE SIZE OF TRAmPORT CONVEYANCES 

There are often tremendous differences in size'and weight of dif- 
.ferent vehicles. For example, a Volkswagen bug Is four mfeters. long 
•ind weighs 643 kg (1800 pdunds). By comparison, some oil tankers 
•{Figure 1), the largest vehicles on earth, have a length of 435 m 

(about four and a half football fields), and a weighfTf 500.000,o60 kg 
' (500.000 tons), Although we can readily visualize the dimensions of 

• Volkswagen, JDOSt of us cannot as easily picture the size of a huge<. 

supertanker. ' . ~ " 

- . 1' ^ 



Figure' 1. Supertanker 

Activities 

1. Const^ct profiles, to scale of various transport conveyances. 

2. Compare the sl^es and carrying capacities of jarious conveyances.. 

Procedure 

1. Choose one. type of conveyance to study. Select one of the land, 
sea. or air tranSRort vehicles described In the Reference Pages, or 
choose another type of Interest to you.^ 

2. Using the Reference on Conveyance Statistics or other resources, 
describe the size of the conveyance. iJse the following terms and 
others^ t are appropriate: 



HH5S: Technology 1.4 (5-2) 

a. overall length (distance between extretde ends) 

b. width (the beam of a ship) 

c. height (the distance from a ship's top deck to its hull bottom) 

d. cargo capacity (either as weight or volume) 
. e. speed 

. f . cruising range 

' g. fuel efficiency ♦ 

3, C!bnstruct a profile to scale usicg the scale 1 cm = 2 m. 
a. Draw the outline of the conveyance on poster board. 

b". Uttach a card describing the. features of the conveyance, 
c* Post th« profile on the bulletin board, 

4, IMnonstrate the cargo weight capacity of your conveyance. Represent 
this by using l^ram of sand for every 100 tons or cargo. 'Dis- 
play the sand on a piece of paper labelled with information 
describing the conveyance. 

5, Compare the relative sizes of conveyances in terms of length, 
width and cargo capacity. Express your comparisons in terms of 

^ ratios. ' - 

Sumwary Questions ' ^, 

1. How does your conveyance compare in size and capacity ^ 

a. to the largest conveyance in the class? 

b. to the smallest conveyance? 

2. How large is a supertanker? How may Volkswagens would be 
equivalent in carrying capacity to a supertanker? How many 
Boeing 747's? 
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.Which caii tr^Tsport a greater weight ol cargo, a 100 car freight 
trafh or' a supertanker? Hoi^ do they compare in ternis of speed 
and fuel efficiency? 
4. Som^ supertanker^ are\so large that only a few harbors in the 
world will hold them. What possible advantages could there be 
- in making them so supertankers so large? What disadvantages? 

Further Activities 

Construct profiles to scale of large marine animals. Include 
porpoises, wHales and giant squid. Compare sizes. 
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f 4. THE SIZE OF TRANSPORT CONVEYANCES 



Objectives 

To aid students In conceptualizing size and weight differences 
of Various ships* planes *and land vehicle^. 



Materials 

Equlpnent per Class 
-ZO liters of sand 

Equipment per Group 
. -poster board - 
-scissors 
-ruler 

Teacher References 
Doctaan, F»~^ 

. Lands troAi, B. 
Lewis', E. and 

R. O'Brlan 
Matsoh Navigation 

Conpany 
Nbsterty N. . . 
Sweeney, J; 
Walker/ C.f: 



1973 

1976 
1965 



The Observers Book of Ships . Frederick 
Wame & Company, Ltd; 
The Ship. Doubleday and Company Inc. 
Ships . Time, Inc. 



1976 What's So Different About Hawaii ?. 

1975 Supership . - . 

1970 ' a Pictorial Histroy of Oceanographic Submersibles . 

1967 The World's Passenger Ships . 



Handouts 

-References on Conveyances Statistics 



Antlcpated Time 
Two periods. 

Introduction 

Some of the^ltra-Large 
today are so enormous they a 
means of transportation with 
helpful when trying to conce 
describe'Ss one of eight tanks 
cathedral I Mef€Hant sailors 
quarters to t^fe bow of a tan 
world's tallest buildings, 
since supertankers can't fit 



Crude Carriers (supertankers) being built 
re difficult to imagine. Comparing such a. 
vehicles in everyday use (e:g., cars) is 
ptualize them, Mostert ( Supership , 1975) 
in a supertanker as being the size- of a 
ride bicycles to get from their living 
iker. These ships are the length of the 
Yet a student may never see such a ship, 
into most ports. It has-been estimated; 
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though, thativ a supertanker carrying crude oil from Saudi Arabia to the 
EMt to«roKthe U.S'.A. can piy for itself after about foyr success- 
ful voyages ! > * 

•The volume of a ship increases as a funqtiofi of the cube of its 
length^ So if you double the length of a 'ship, keeping all dimensions 
OroportlonaUyou increase its size and cargo capacity by e aht times. 
yAlsb;^h« ship will ^)robab1y cost eight times as much to build. 

Investigation k 

1. Gather a collection of books with pictures of boats, planes and 

• ships that students may refer to. One set of Reference on « 
Conveyances Statistics should be available to each class. 

2. Review the Procedure with the class. 

3 The^lze of the student group assigned to the cutting out of a 

■ profile depends on the size of the vehicle. It will. Jor exam- 
ple, take three or four students to cut out a supertanker and 
one student on a Volkswagen. 

4 When statistics about a vehicle are not available have the students 
' estimate these statistics from the information they alrea-ay have. 

Sumnar^ Questions 

1. Depends on the student's choice. , 

2 Stress that only "ballpark" answers are l5eing sought. The essential 
po1nt-K that the student realizes that one vehicle's volume 

must be divided into the other- vehicle's volume. 

3 A supertanker carries many times, the weight that a 100 car 
freight train does. Their fuel efficiencies are. comparable.- The 
train can travel about 87 km/hr. which is 2 5 the speed of 
a supertanker. (Although students m Hawaii are. unfamiliai: with . 

• railroad trains, they are familiar with containerized-cargo ships 
and with trucks hauling these containers from the dotks. E^cn 
ralTroad car tjfpically- carries two or three. containers. ) 

4 Crew size hardly varies with ship size. Also, the larger a ship 
is. the more fue] -efficient it is. This is because wind and water 

• resistance are proportional to the surface area of the ship, not 
the volume A ship with twice the volume of another ship of 
JSpa°ab1e proportions needs to develop less than twice the pro- 
pulsive force t^move at the same speed.. 
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REFERENCE 



CONVEYANCE STATIST I CS 



Reference Page 
(R-1). 



Sedan automobiley 
Volkswagen BOq 
-built 1940's - igJO'S 
-weight: 643 kg (1800 pounds) 
-length: 4 m 

-speeif up to 80-90 mph (128-144 km/hr) 



Volkswagen bugs can carry up to four (cranpe<J) passengers, 
and get 20-30 miles per galion^or 8-12 kjr./l)V They are no 
longer being built for the United States. 




B. Supertanker 
S.S. Ardshiel 
y-length: 330 m 
-width: 52 m ' 
-displacemeht: 214,000 tons deadweight of 214,000,000 kg 
-speed: 20 knots or 39 km/hr 
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Rtference for Topic 4 



f (R-2) 



*1 tonne Is 1.103 tons or 2204 lbs, 



C, Airplane 




Boeing 747 

-built 1^67 - 1970 ^ 

-weight: 315,000 lb (14,100 kg) . 

-length; 70.5 metef-s v 

-speed: 600 mph, (960 km/hr) — 

The 747's first went into service In 1970. They Ve capa- 
ble of carrying up to 590 passengers and can fly around the 
world in record 'time (46 hours, 50 seconds) for a subsonic air 
craft. 747's have proven to be extremely save and reliable.. 



^45- 



49 



HHSS: Technoloay 1.4 . 
Reference for Tbpic 4 * ^^'"^^ 

p. Container ShWp 

Hawaiian Enterprise ' ^ 

-^th: *245 mT ' % ' 

-height; 45 m , - ' 

Hllsplaconent: 3,090,000,000 lbs or 135,000.000 kg 
-speed: Zl knots or 39 km/hr 

Most of the non-petroleum crago entering and leaving the 
Hawaiian Islands is transported on container ships. 

E. Nuclear SuMnarine 
Seorge Washington 

-bul\t 1959; U.S. /f- 
-length: 131 m . ^ ^ 

-width: 11m 

Idlsplacement: 5,600 tonnes, 12,400,000 lbs or 5,600,00^ kg 
<-speed: over 30 knots or 56 km/hr 

The George Washington is anned with 16 Polaris missiles 
^' which are 10 m long, 1.3 m wide and possess a nuclear warhead.. 
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Passenger Liner 
Mariposa . , . ^ . 
-built 1953; U.S/ 
-length: 171 m 

-speed: 20 knots or about 37.kjn/hr 

The Mariposa can hold 3^5 passengers, and was built as a*, 
luxury liner for first class passengers only. The ship wa^ the 
last (J, S, passenger liner^ having discontinued op'eration in 
Pipm, 1978, ^ 




Fishing Boat 
Tuna Clipper ^ 
-buitt 1960*si U,S, 
-length: 160 ft, -or 42 m 
-width: 30 ft. or,9 m 
-speed: 12 knots or^ 22 km/hr 
-cruising range: 
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Rtftrtnco for Topic 4* 



This type of ; boat Ab .«ed.for.tun« fUhlng. Individual 
f1$he« have their dSin rod and nn<>*^*fMi^-«froni a platform 
uhlch projects^all around the hull. Live bait is kept in tanks 
on the deck. 
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